Background: Apolipoprotein E (ApoE) is associated with some diseases with cognitive function defect. Aims: The purpose of this study was to examine the influence of ApoE on poststroke depression (PSD) risk and to define objective markers for diagnosis. Methods: The cognitive function, serum ApoE, and peripheral mononuclear blood cell ApoE mRNA expression of patients with PSD were compared to age-matched control patients with stroke and healthy volunteers. Sixty-seven patients with stroke were selected according to the cerebral infarction diagnosis standard of the Fourth National Cerebrovascular Disease Conference and divided into a PSD group (28 patients, 43-76 years old) or a control stroke group (39 patients, 43-78 years old) using the Hamilton Rating Scale for Depression, and compared to 40 healthy volunteers (42-78 years old). Cognitive function was evaluated by analysis of event-related potentials (ERPs), while expression of ApoE mRNA was determined by quantitative reverse transcription-polymerase chain reaction and serum ApoE by ELISA. Results: The latencies of ERP components N2 and P3 were prolonged, and the P3 amplitude was lower in the PSD group compared to the control stroke group and healthy controls ( p < 0.01). There were no significant group differences in N1 and P2 latencies (all p > 0.05). The latency of N2 was positively correlated to the P3 latency in the PSD group ( p < 0.05). No associations were detected between P3 amplitude, expression of ApoE mRNA, and serum ApoE in the PSD group (all p > 0.05). The ERP results indicated that patients with PSD were significantly slower at identifying a target stimulus, suggesting deficits in perception and/or cognitive processing. Peripheral expression of ApoE mRNA was lower in the PSD group than the control stroke group ( p < 0.701) while serum ApoE was higher than in the control stroke group ( p < 0.05), possibly reflecting a feedback reduction in expression. Conclusion: We suggest that aberrant serum ApoE together with abnormalities in some ERP components may be useful markers for assessment of PSD risk and clinical diagnosis.
Introduction
A s the population ages, the incidence of stroke and stroke-related disability will likely rise, placing a significant strain on the public healthcare system. Depression after stroke (poststroke depression or PSD) (Tamam et al., 2009 ) is manifested by chronically depressed mood, lack of interest in daily activities, memory loss, sleep disorders, and cognitive impairment (Heide, et al., 2009 ) that reduced daily function and impede poststroke therapy. Abnormal lipid metabolism is closely correlated with stroke risk and depression. Apolipoprotein E (ApoE) is an intermediate-density lipoprotein that modulates other serum lipids by regulating the catabolism of triglycerides (Petkeviciene et al., 2012) . The ApoE allele is associated with enhanced risk of cardiovascular diseases, including atherosclerosis and stroke (Winkler et al., 2010; Zhang et al., 2012) , as well as Alzheimer's disease (AD). Furthermore, the ApoE polymorphisms are associated with depression in patients with AD (Bicalho et al., 2012) , suggesting that aberrant ApoE may contribute to brain organic mental disorders. Although recent studies have identified the ApoE4 allele as the main genetic risk factor for AD (Kim et al., 2009) and linked ApoE polymorphisms to cognitive deficits (Hollingworth et al., 2011) , little is known about the relationship between ApoE function and poststroke morbidity, including cognitive deficits and depression. We measured serum ApoE, peripheral ApoE expression, and cognitive processing capacity in patients with PSD, nondepressed stroke patients, and age-matched healthy controls to further investigate the correlation between ApoE and PSD and associated symptoms. The correlation between aberrant ApoE expression and cognitive dysfunction in patients with PSD as revealed by event-related potential (ERP) analysis defines these indices as possible markers for PSD risk or clinical diagnosis.
Materials and Methods

Patients
From January to October 2009, we selected 67 patients with stroke, all Xinxiang natives of Han ethnicity, from the Henan Provincial Mental Hospital according to the cerebral infarction diagnosis standard of the Fourth National Cerebrovascular Disease Conference. A poststroke depression group (28 patients, 43-76 years old) was distinguished from the nondepressed stroke patients (39 patients, 43-78 years old) using the Hamilton Rating Scale for Depression. A cohort of 40 healthy volunteers served as an age-matched control group (age range, 42-78 years old) and had no history of hypertension, cardiovascular diseases, or diabetes. There were no statistically significant differences in gender ratio, age, or other demographic variables such as the level of formal education between groups ( p > 0.05).
Measurement of event-related potential
Both the PSD and nondepressed stroke groups were tested for cognitive function 2 weeks after stroke using the Dundee 4 Keypoint test. Event-related potentials (ERPs) were measured in a shielded room with patients lying relaxed, but alert. A reference electrode was placed in the right ear (A2), a ground on the forehead (FPz), and recording electrodes (Cz) placed along the central line according to the international brain electrical 10/20 system. Impedance between electrodes was < 5 KO, and ERPs were recorded for 600 ms after stimulus presentation. Test (target) stimuli consisted of 90-dB, 4000-Hz tones (20% probability) interspersed between 80 dB, 1000 Hz nontarget stimuli (80% probability). Before experiments, the demand and instruction were told to the participant. The participant was requested to focus his/her attention on listening to the voice, and respond to target tones by the extension of the index finger of the superior hand. After the participant was confirmed to already fully grasp the main point, formal experiments procedure was performed. Participants were required to press a button in response to presentation of target stimuli, and reaction time was recorded in addition to ERPs. The data analyzed were the average response of two separate blocks of two trials.
Measurement of ApoE mRNA expression in peripheral mononuclear blood cells by quantitative reverse transcription-polymerase chain reaction
The primers for ApoE mRNA reverse transcription were designed using Primer 6.0 (F, 5¢-GGGTCGCTTTTGGGAT TACCTG-3¢ and R, 5¢-CAACTCCTTCATGGTCTCGTCC-3¢). The GAPDH gene was used as the internal references (F, 5¢-ACCACAGTCCATGCCATCAC-3¢). Total RNA was extracted from mononuclear blood cells isolated using Takara's Trizol reagent and reverse transcribed into cDNA using Takara's kit according to the manufacturer's instructions. The reverse transcription-polymerase chain reaction was carried out in a 25-mL reaction mixture containing of 12.5 mL SYBRII master mix, 1 mL of each primer, 6 mL cDNA, and 4.5 mL double-distilled water. The cycling conditions were an initial predenaturation step of 95°C for 3 min, followed by 40 cycles of 25 s denaturation at 95°C, annealing at 60°C for 30 s, and extension at 72°C for 1 min, and a final extension at 72°C for 10 min. We analyzed the relative expression using the ratio, (Reference gene Ct value)/(Target gene Ct value).
Measuring serum ApoE
Serum ApoE was evaluated using an ELISA kit (R&D Systems) according to the manufacturer's recommendations. Standard curve concentrations were calculated in triplicate for each plate.
Statistic analysis
All data are expressed as the mean -SE and were tested for normality and homogeneity of variance. Student's t-tests were used to compare paired group means, and one-way analysis of variance (ANOVA) was employed to compare differences among the three groups, followed by least significant difference post hoc pairwise comparisons. A p < 0.05 was considered statistically significant.
Results
Abnormal ERPs in patients with PSD
As shown in Table 1 , the poststimulus latencies of the N2 and P3 ERP components were significantly prolonged in patients with PSD compared to nondepressed stroke patients and healthy age-matched controls (F N2 = 152.516, p = 0.008; F P3 = 51.186, p = 0.002), while the P3 amplitude was significantly reduced in patients with PSD compared to the other groups (F P3 = 40.633, p = 0.005). In contrast, N1 and P2 latencies were not statistically different between groups ( p > 0.05).
Reduced expression of ApoE mRNA by patients with PSD
Expression of ApoE mRNA was significantly lower in mononuclear blood cells in the PSD group (0.77 -0.24, n = 27) than the control stroke group (0.86 -0.14, n = 34) (t = 2.854, p = 0.006 by t-test assuming unequal variance). One PSD specimen and five control stroke specimens were eliminated due to hemolysis.
Elevated serum ApoE in patients with PSD
The serum concentration of ApoE was significantly higher in the PSD group [(0.99 -0.23) mg/dL, n = 27] than the control stroke group [(0.85 -0.28) mg/dL, n = 34] (t = 2.014, p = 0.048).
Correlation analysis of N2 latency, P3 latency, P3 amplitude, ApoE mRNA expression, and serum ApoE between groups
The scatter diagram of N2-versus-P3 latencies (N2PL and P3PL) is shown in Figure 1 . The latency of N2 was positively correlated with P3 latency in the PSD group (r = 0.447, p = 0.017) ( Table 2 ). In contrast, there were no significant associations between these waveform latencies and the other measured parameters or among P3 amplitude, ApoE mRNA expression, or serum ApoE concentration in patients with PSD (all p > 0.05).
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Discussion
Clinical depression is a major risk after stoke (Ferro et al., 2009) . PSD may exacerbate cognitive dysfunction, impede neurological and functional recovery, and reduce patient quality of life (Brown et al., 2012) , which in turn can increase the mortality or the risk of recurrence (Schmid et al., 2011) . However, the signs of clinical depression can be difficult to distinguish from the short-term or long-term consequences of stroke. Thus, objective markers may greatly improve the accuracy of PSD diagnosis. ApoE is a critical regulator of lipid metabolism. Studies have shown that patients with PSD are more likely to exhibit dyslipidemia and aberrant serum ApoE concentration, a significant risk factor for cardiac and brain vascular diseases (Petkeviciene et al., 2012) . Moreover, ApoE appears to influence the risk of cerebral infarction through effects on blood lipid metabolism (Saidi et al., 2007) . At the same time, the ApoE genotype may independently contribute to the risk of depression. In the study, we sought to establish a correlation between peripheral ApoE gene expression, serum ApoE, and cognitive dysfunction to aid in clinical diagnosis and treatment of PSD.
ApoE binds to a specific receptor on liver cells and peripheral cells. It is essential for the normal catabolism of triglyceride-rich lipoprotein constituents and has a wellestablished role in blood cholesterol transport into the lymphatic system and then into the blood stream. Peripheral (serum) ApoE is synthesized principally in the liver (Koob et al., 2010) . In the nervous system, non-neuronal cell types, most notably astroglia and microglia, are the primary producers of ApoE, while neurons preferentially express the receptors for ApoE (Koob et al., 2010; Erdan et al., 2011) . Recently, ApoE has been linked to several additional biological processes, including immunoregulation and cognition. Indeed, numerous studies have documented immunoregulation by ApoE, including the suppression of T cell proliferation, functional regulation of macrophages, facilitation of lipid antigen presentation to natural killer T cells, and modulation of oxidation and inflammation, processes central to diseases such as arteriosclerosis (McKay et al., 2011) . Furthermore, expression of the ApoE4 allele is the best-known predictor for the progression of mild cognitive impairment (MCI) into AD (Sun et al., 2012) and so is predictive of age-related cognitive dysfunction (Kim et al., 2010) . Sprague-Dawley rats performed poorly in maze tests after intrahippocampal injection of vectors containing the ApoE gene. Furthermore, this treatment was associated with neurodegeneration in the hippocampus (Eddins et al., 2009) .
ERP is a noninvasive measure of early cognitive processing. ERPs include endogenous and exogenous compositions. Exogenous composition, including N1 and P2 waves with short latency, is affected by the physical characteristic of the stimuli. It is a reliable index for estimating the attention and cooperation of the subjects. Endogenous compositions, including N2 and P3 waves, which are greatly affected by psychological factors, are related to cognitive process. The latencies of N2 and P3 wave reflect the speed of the brain to encoding and classification and identification incident in the process of the brain identification; it also objectively reflects the advanced thinking activity such as cognitive function and judgment, but the amplitude of P3 indicates the testes' ability of assimilating information. The latency between stimulus presentation and the P300 (P3) waveform mainly reflects the time taken to evaluate or categorize a stimulus in a target/ nontarget series. In this study, we found that both the N2 and P3 latencies were prolonged in patients with PSD compared to nondepressed stroke patients and healthy controls ( p < 0.01). In addition, the P3 amplitude was lower in patients with PSD ( p < 0.01), and the latency of N2 was positively correlated to the latency of P3 ( p < 0.05), indicating that patients with PSD were slower at identifying the target stimulus and suggesting a deficit in perception or judgment.
Patients with stroke are under stress, leading to overactivation of a 1 -NE receptors and resultant cognitive impairment. In normal circumstances, presynaptic a2-NE receptor agonists can restrain NE activity, and postsynaptic a2-NE receptor agonists can improve cognitive function. Our results support the opinion of Khedr (Khedr et al., 2009 ) that P300 can be used for evaluation of cognitive impairments in patients with PSD and possibly as a prognostic or diagnostic marker. Indeed, previous studies have demonstrated a relationship between P300 and cognitive impairment.
The P300 is associated with 5-HT and NE activity (Chen et al., 2005) . An increase in P300 latency and a decrease in amplitude were associated with a reduction in 5-HT metabolic products in the cerebrospinal fluid. In the present study, the peripheral expression of ApoE mRNA was lower in the PSD group than in the nondepressed stroke group, while serum ApoE was significantly higher in the PSD group. A higher serum ApoE would reduce serum triglycerides, leading to a reduction in 5-HT concentration (Liang et al., 2009) and increased risk of PSD (Wang et al., 2009) .
No association was detected among P3 amplitude, mononuclear cell ApoE mRNA expression, and serum ApoE concentration in the PSD group. It is possible that the influence of ApoE on lipid metabolism and cognitive function may be related to the specific allele. The ApoEe4 isoform can raise low-density lipoprotein C and reduce serum TG, while ApoEe2 has the opposite effect. Therefore, the relationship between ApoE and cognitive function may depend on the specific ApoE genotype. In addition, only the ApoEe4 allele is a risk factor for cognitive decline, so the patients would exhibit varying levels of cognitive dysfunction after stroke.
In this study, our results demonstrate that a delayed P300, elevated serum ApoE, and reduced mononuclear cell ApoE expression are associated with depression after stroke.
